In this study, low-cost biochar adsorbent originated from camel bone was prepared by physical treatment, and the prepared camel bone biochar for the removal of Cd 2+ and Pb 2+ from aqueous solutions was examined. The characterization of the prepared biochar adsorbent before and after the treatment with the metal solutions was done by using XRD, SEM, FT-IR, and BET surface isotherm. The bone sample was pyrolyzed at temperature 500, 600, 800, and 900 °C. Adsorption efficiency of Pb and Cd were optimized by varying different parameters viz., pH, pHz, contact time, initial metal concentration, adsorbent dosage, and temperature. Nature of the adsorption process is predicted by using adsorption kinetic, isotherms, and thermodynamic models. The results revealed that the effective pyrolysis of camel bone achieved at 800 °C which possess high removal capacity. The maximum adsorption removal percentage for Cd and Pb were 99.4 and 99.89%, respectively at contact time of 1 h, adsorbent dosage of 1 g, pH=5, and initial metal concentration 10 mg/L of both metal salts. The kinetic results of cadmium and lead adsorption obeyed a pseudo-second-order model and fitted well with the Langmuir isotherm.
Introduction
Aquatic pollution by heavy metals is a great problem. The presence of heavy metals in the aquatic environment is the most problem effects the health of humanity, as it is nondegradability and, so it's toxic in water [1] . The existence of low levels of the heavy metals in water resources will accumulate in the food chain and lead to its contamination with toxic heavy metals [2] .
Several techniques are available for the treatment of heavy metals pollution from polluted water viz., catalysis, ion exchange, reverse osmosis, precipitation adsorption, and coagulation. Among these technologies, adsorption has a wide application. The adsorption of heavy metal depends on the nature of the adsorbents which prepared from several sources which include natural resources, including tree ferns and composites [3] , plants, industrial waste, clays, activated carbon, sludges, algae, wheat bran, shells [4] , agricultural wastes and cork Yohimbe bark wastes [5] , tire rubber [6] [7] .
Bone char is an adsorbent consisting of 90% calcium phosphate and 10% carbon and is produced by two main treatments which include chemical treatment by several chemicals, and physical treatment by carbonization of bones. The structure of bone char is calcium phosphate in the hydroxyapatite form (Ca10(PO4)6(OH)2, HAp) which is known for its more effective adsorption properties which can adsorb divalent heavy metals [8] .
Camel bone char was applied widely for the treatment of polluted water with heavy metals. Alqadami et al. [9] prepared magnetic nanocomposite from camel bones and used it for adsorption of toxic metals from water. Hassan et al. [10] prepared camel bone charcoal and applied it for the removal of mercury ions from wastewater. Ramavandi et al. [11] reported the efficiency of camel bone powder for the removal of copper from wastewater.
The aim of this study is to prepare low cost, effective and eco-friendly camel biochar adsorbent from camel bone by physical activation (carbonization) and applying the developed adsorbent for the removal of two heavy metals (Pb and Cd) from the polluted water.
Experimental

Reagents and standards
The reagents and chemicals used were of analytical grade (Merk and BDH). Deionized water was used throughout the study to carry out all the experiments. Metal (Cd and Pb) standard solutions were prepared by using analytical grade samples [Pb(NO3)2, Cd(NO3)2]. pH was adjusted to the suitable values for each experiment by pH meter using solutions of HNO3 or NaOH.
Camel bone collection and pretreatment
Discarded Camel bones were purchased from local butchers shops. In order to remove the fat and flesh from the Camel's bone, it is washed with hot deionized water several times; then the bones were left to dry in the open air. The air-dried bones are oven dried in an oven at 110 °C overnight. The dried bones were crushed, sieved to particle size (<63 µm) and stored in dry containers which may be used to carry out the experiments.
Biochar adsorbent preparation
The dried bone was calcinated at 500 °C up to 900 °C by varying time (1, 2 and 3 h) in a muffle furnace with a limited supply of oxygen. The resulted biochar bone adsorbents were grounded with agate mortar, sieved to particle size (<63 µm) and stabilized to the further experiments.
Adsorbate preparation 1000 mg/L Pb and Cd stock standard solutions are prepared by using deionized water. The working metal ions solution was prepared from the stock solution by dilution.
Batch adsorption experiments
Batch adsorption experiments performed such as ZpHc, pH, initial metal ions concentration, adsorbent dosage, temperature and contact time.
The effect of camel biochar dose on the adsorption of the metal was studied by carrying out using different masses of the camel biochar in a range between 0.01 and 1 g. The effect of contact time on the adsorption of Cd and Pb onto camel biochar were verified with 30, 60, 120, and 180 minutes. For the effect of initial metal concentration on adsorption, the metal ions (Cd and Pb) concentration were varied from 10 to 70 mg/L. For studying the effect of pH, the values of pH were in a range from 3 up to 9. The final and initial pH values in the ZpHc were measured in which a 50 mL solution of 0.1 M NaCl was in contact with 0.1 of camel biochar bone. From plotting initial pH and final pH, the point of the intersection gave the ZpHc [12] .
Analytical measurement of heavy metals
Heavy metal concentrations in the filtrate were determined after each experiment by atomic absorption spectrometer (AAS) [THERMO SCIENTIFIC Ice 3000].
The adsorption capacities of Cd 2+ and Pb 2+ were calculated by the following equation:
Where q is adsorption capacity (mg/g), Ce metal concentration at equilibrium (mg/L), Ci initial metal concentration (mg/L), W camel biochar adsorbent dosage (g) and V solution volume (L).
Removal percentage of the heavy metal ions were calculated:
×100
Characterization of Camel bone biochar adsorbent
X-ray diffraction (XRD) spectra of camel bone and the prepared camel biochar adsorbents were characterized using a Bruker D8 Advance diffraction system, with Cu Ka radiation in theta/theta reflection geometry. The surface morphology of the prepared camel biochar adsorbents was investigated by scanning electron microscope (SEM, JEOL_ JSM-6400). FTIR spectra of both original and prepared adsorbents were performed by Bomem MB100 FTIR spectrometer recorded in the 4000-400 cm −1 region. The specific surface area and pore size distributions of the adsorbent were determined by applying the adsorption-desorption BET method using nitrogen as an adsorbate, at 77 K.
Results and discussion
Characterization of Camel bone biochar XRD X-ray diffraction (XRD) patterns ( Figure  1 a, b) (Figure 1 b) While the camel bone before activation shows the approximately amorphous phase of hydroxyapatite with very low-intensity peaks as shown in (Figure 1 a) .
FTIR
The FTIR study of the camel bone biochar provided us with information about the mechanism of adsorption. FTIR spectrum of the camel bone biochar before calcination (CB) (Figure 2 a) indicates presence of hydrocarbon groups peaks of -CH stretching at 2853-2923 cm -1 , the large peak located at 3000-3600 cm -1 assigned to the crystallization water (OH groups), the absorption bands due to C=N, C=O, C=C stretching modes were observed at (1465-1744 cm -1 ).
A broad and strong band attributed to phosphate (PO4 3-) group were noticed at (1100-900 cm -1 ) and the absorption bands at 720 cm -1 suggest the presence of CO3 2-in hydroxyapatite structure. Moreover, a broad and strong band of calcium of Ca 2+ was observed at (550-610 cm -1 ) that indicated the structure of calcium hydroxyapatite.
After carbonization (CB800) (Figure 2 b) , no peaks were noticed due to protein and collagen (C=N, C=O, C=C), while the peaks due to OH group (3000-3600 cm -1 ) and hydrocarbon of -CH stretching (2853-2923 cm -1 ) were reduced after calcination. However, the main functional groups, phosphate and calcium peaks remain unchanged. Elliot [13] reported in bone IR spectrum strong split phosphate (PO4 3-) bands in the range 1, 100-1, 000 cm -1 (stretching mode) and 500-600 cm -1 . 
SEM
The SEM micrographs of the camel bone biochar explained the morphology of the adsorbents before and after calcination by analyzing the microstructure bones powder ( Figure 3 ). The untreated camel bone powder particles show a cluster with various sizes, very irregular shapes and present a texture varying from rough to smooth surface. The surface of the samples after calcination have become rough with an undefined geometry and the morphology.
The graphs ( Figure 1) show that there was a cracked and irregular surface in the adsorbents. The minimum particle size before calcination (the raw material) was 5.529, 7.772 and 9.922 µm and after calcination at 800 °C for 2 h. It is obvious that the surface morphology changes and the particle size decreased to 3.503, 2.627 and 4.147 µm. Furthermore, it was noticed that the samples have several numbers of heterogeneous porous layer and pores which may be playing a significant role in the absorption of heavy metals [14] .
BET (Brunauer, Emmett and Teller)
The surface area is very effective property described the adsorbent surface nature, and so it can be clearly distinguished between camel bone sample before and after treatments. The BET method is the most common method for measuring the surface area of adsorbents using nitrogen gas as adsorbate onto the surface of the material. The results reveal that the measuring surface area of the camel bone before calcination was 14.55 m 2 /g, while after calcination it was raised to 74.8 m 2 /g, which indicates that the surface area of the camel bone increase after calcination. This result was in a good agreement with XRD, and SEM analysis as the hydroxyapatite peaks became more crystalline, and the particle size reduces after calculation.
Effect of pyrolysis temperature on adsorbent efficiency for the removal of heavy metals
The data From (Table 1 ) reveals that the optimum calcination temperature for the high removal of cadmium (99.4%) and lead (99.89%) was at 800 °C with a calcination period two hours. The increase in calcination temperature and time the surface area increase due to a reduction in particle size. On the other hand, at a high temperature, an aggregation of the particles occurs which resulting in less removal efficiency. So the camel adsorbent was prepared at this 800 °C calcination temperature and labeled as CB800.
Optimal conditions for metal adsorption Effect of the initial adsorbent dose
From Figure 4 , it is observed that as the adsorbent dose increased up to 1 g, the removal efficiency of the metal increased A B up to 99.8% for lead and cadmium. This increase was as the result of increasing the adsorption sites on camel bone adsorbent. After adsorbent dose (1 g) by increasing the adsorbent dose the metal removal decreases as a result of a competition between the empty sites on the adsorbent surface to attract the metal ions [15] [16] .
Effect of initial pH
The efficiency of metal removal and nature of camel bone biochar surface depends mainly on the pH value of the solution. From Figure 6 it was observed the removal of Pb and Cd ions increase with the increase in pH value, and reaching the maximum adsorption of Cd and Pb at pH=5. This was explained that at the low pH values, hydrogen ions increase on the adsorbent surface which led to less attraction to metal ions, while at high pH values the adsorbent biochar surface became negatively charged and attract metal ions. Other studies reveal that the adsorption of cadmium was pH dependent and the maximum removal was obtained at two different pHs (pH 5.0 and 8.0) [17] .
Determination of pH at the point of zero charge (pHPZC)
The methodology for determining the point of zero charge (pHPZC) was adapted from that described by". PHpzc is known as an "eleven point PZC" and defined as the pH at which the charge on the surface of solid equal zero [12] . This study was carried out with 0.025 g of camel bone biochar adsorbent and 10 mL 0.1 N NaCl solution at varied of initial pH (2-12) and agitated on a shaker at 250 rpm at 25 °C for 1 h. The initial pH versus the final pH was plotted (Figure 6 ), and the range where the pH of the solution remains constant is taken as the pH at the point of zero charge (pHPZC) [18] . The results showed that the zero point charge matched with the study of pH (pH=5). Since the solution pH is acidic, the surface charge of the camel bone biochar is positive owing to the existence of neutral and positively charged (=POH o and =CaOH2 + ) sites which cause the positive camel bone biochar surface [19] . The adsorption of metal cations is favored at pH>pHPZC, while the adsorption of anions is favored at pH < pHPZC, due to electrostatic attraction [20] [21] .
In a study of lead ion adsorption onto activated carbon adsorbent originating from cow bone [22] , they reported that the pHPZC was 4.0 as a result that at the adsorbent surface higher amount of acid functional groups were presented than basic groups, making it easy for cationic exchange 
Effect of initial metal ions concentration
The metal uptake depends on the active sites as well as on the nature of the metal ions in the solutions. The results ( Table 2) show that 10 mg/L metal concentration was the best metal ions concentration for high removal of Cd and Pb, while the affinity of adsorbent towards Pb ions was more than Cd ions, and this may be associated with the size of the ion and the porosity of the camel bone biochar. At a low metal ions concentration 10 mg/L, the adsorbent surface sites were active and had an affinity to be occupied by a metal ion, while at higher metal ions concentration, the active sites were filled with the ions which cause the metal ions remained in the solution owing to saturation of active sites of adsorbent.
Effect of contact time
From Figure 7 , it was obvious that the adsorption efficiency of Pb and Cd increased rapidly and reached the maximum at 60 minutes after then there wasn't any additional removal of Pb and Cd ions; because of the complete occupied sites on the surface of the adsorbent.
Adsorption kinetic
The first-order rate equation (Lagergren), the second-order rate equation were used as kinetic models in the description of the adsorption process between adsorbent and adsorbate.
The pseudo first order
The first-order rate equation is:
Log (qe-qt)=log qe -(K1/2.303).t
Where qe is the amount of the metal ions adsorbed on the adsorbent, and qt (mg/g -1 )
is that at equilibrium time (t), t (min) is the contact time, and K1 (min -1 ) is the rate constant of the first-order adsorption model. By the plot of log (qe-qt) versus t, the intercept and the slope could be obtained from. Data obtained from the pseudo-first is summarized in Table 3 . The results reveal a higher correlation coefficient R 2 for Pb (0.965) than that for Cd (0.6403).
The pseudo Second-order model
The pseudo Second order equation is
where qe, qt (mg g -1 ) is the amount of the metal ions adsorbed at equilibrium and at the time (t) respectively, K2 is the pseudosecond-order constant ( g mg -1 /min -1 ). A plot of t/qt vs t shows a linear relationship with correlation coefficient (R 2 ). k2 and equilibrium adsorption capacity qe were calculated from intercept and slope of the plot. Data obtained from the pseudo-second is summarized in Table  3 . The correlation coefficient (R 2 ) for pseudo-second order is higher than that for the pseudo-first-order so that the adsorption of Pb and Cd by camel biochar adsorbent followed the pseudo-second order kinetic.
The experimental qex and calculated qe values are very close, indicating the applicability of pseudo-second-order to describe the adsorption of Pb and Cd on camel biochar described by the pseudo second-order model only. Ho and Mc Kay [23] reported that most of the sorption systems followed a secondorder kinetic model.
Intra-particle diffusion model
There are two types of diffusion, Boundary and intra-particle diffusion. Boundary layer diffusion is described by the initial rate of the metal ions adsorption [19] .
The solute transfer could be characterized by intraparticle diffusion model which explain the mechanism of the of solid-liquid adsorption [24] as the following: qt = Ki t ½ + C Where, qt is the adsorbed amount at time t, Ki (mg g -1 min -1/2 ) is the rate constant of the intra-particle diffusion model, C (mg g -1 ) is the boundary layer effect.
From the linear plot of qt vs t 1/2 (Fig.8) , the values of C and Ki can be obtained from the intercept and slope (Table 3) .
From Figure 8 it is obvious that there are linear and plateau sections. The linear section refers to the intra-particle diffusion, while the plateau one refers to the equilibrium. This indicates that the transport of Pb and Cd ions from solution to the adsorbent through the particle interface into the pores of the adsorbent.
kid associated with the adsorption rate in the intraparticle diffusion. The extrapolation of the linear curve parts of the plots back to the axis provides the intercepts, which are proportional to the extent of the boundary layer thickness, i.e., the larger the intercept, the greater the boundary layer effect. The deviation of the curves from the origin indicates that intraparticle transport is not the only rate limiting step [25] . 
Adsorption isotherm models
For an adsorption isotherm experiment, 0.10 g of camel bone biochar was shaken with 20 mL of metal ions (Pb and Cd) solution in concentrations ranging from 10 to 70 mg/L at 25 °C± 0.3 and pH=5.
The resulted mixture was then filtered, and the filtrate was analyzed by AAS for Pb and Cd concentrations. The amount of metal ions adsorbed at equilibrium was calculated in (mg g -1 ) from this equation:
Where; qe is the amount of adsorbed metal ions at equilibrium (mg/g -1 ), Co is the initial metal ions concentration (mg/L -1 ), Ce the concentration of metal ions at equilibrium (mg L -1 ), V is the volume of metal ions solution (L), m is the mass of adsorbent (gm).
Linear isotherm model
The linear model describes the adsorption of solute by sorbent as follows:
Where qe, is the amount of adsorbate (mg/g), Kd equilibrium distribution coefficient, Ce equilibrium concentration of the metal.
The linear isotherm is a special case of the Freundlich isotherm where the Freundlich exponent (n) is equal to 1.
By plotting of qe versus Ce a linear line was obtained (Fig.9) , and Kd was calculated which was 50.8 for Pb and 0.984 for Cd. These results indicated that the equilibrium distribution Kd of Pb ions on the surface of the adsorbent was higher than that for Cd ions. RL refers to the separation factor. Since, RL>1, the isotherm is unfavorable model, RL=1 refers to be a linear isotherm, 0<RL<1 the isotherm is favorable for the study; and RL = 0 the isotherm is irreversible type.
Langmuir isotherm model
So, from the results, RL values obtained were 0.015 and 0.067 for Pb 2+ and Cd 2+ , respectively, and so that these values were between 0 and 1, showing that the model is favorable to this study.
Freundlich isotherm model
Freundlich isotherm model applied for multi-layer adsorption on a heterogeneous adsorbent surface with sites that have different energies of adsorption. Freundlich equation is: logqe = log Kf + 1 log Ce
Where qe (mg/g -1 ) is the amount of adsorbed metal ions at equilibrium, Kf is Freundlich constant related to the adsorption capacity, 1/n is Freundlich constant related to adsorption intensity of the adsorbent. By plotting logqe versus log Ce ( Figure  11 , Table 4 ) a linear plot was obtained, then the values of kf and l/n were evaluated from the intercept and the slope. The results revealed that the 1/n values are less than 1, which indicate that the Pb and Cd ions are favorably adsorbed by camel bone biochar.
Concerning the Langmuir and Freundlich values, Langmuir isotherm showed a greater match than Freundlich for Pb and Cd; because the correlation coefficient (R 2 ) provides an optimum fit to the obtained data.
So, Langmuir adsorption isotherm shows an appropriate description of Pb and Cd adsorption than Freundlich isotherm. 
Temkin isotherm model
Cd 2+
of sorption (J/mol). By drawing a plot between qe versus lnCe (Figure 12 ), the constant B (J/mol) and K (L/g) were obtained and listed in (Table  4) . From Table 4 , it found that the B and K values of Pb 2+ were lower than that for Cd 2+ so that Pb 2+ have a larger heat of adsorption than Cd 2+ .
Dubinin-Radushkevich isotherm model (D-R model)
Dubinin-Radushkevich isotherm is used to describe the adsorption with a Gaussian energy distribution onto a heterogeneous surface, and so it is described to compare between physical and chemical adsorption of the metal ion. The linear form of the D-R equation is:
Where qm is a constant that indicates the sorption degree characterizing the adsorbent (mg/g), β is a constant related to the adsorption energy (mol 2 /kJ 2 ), and E is the Polanyi potential, which can be calculated by the following equation:
Where R, is the ideal gas constant and T is absolute temperature (K).
By drawing a curve between lnqe vs. E 2 ( Figure 13, Table 4 ), the value of qm and β can be obtained from the slope and the intercept, respectively.
The mean free energy E (KJ/mol) of sorption can be estimated by using B values from the following equation:
The value of E may characterize the type of the adsorption as chemical ion exchange (E=8-16 kJ/mol), or physical adsorption (E<8 kJ/mol) [26] . From the E values of Cd 2+ (4.1) and Pb 2+ (4.0), it is obvious that the adsorption is considered as physical adsorption.
Thermodynamic adsorption study
The thermodynamic parameters, Gibbs free energy (ΔG o 
Where R is the universal gas constant (8.314 J/mol K), and T is temperature (K). 
Desorption using several desorbed solutions
For desorption experiments, after the adsorption process and separation of liquid phase, the precipitated metal-laden adsorbent was collected after filtration and washed with deionized water several times to remove any adhesive metal ions to the surface of adsorbent, then it was dried in an oven at 60 °C overnight for the next experiments .
For desorption experiment, certain volume of desorbed solutions (0.1N HNO3, 0.1N NaOH and deionized water) and precipitated metal-laden adsorbent was shaken until reaching the equilibrium, the solutions were separated from the solid phase by centrifuge and the upper layer was analyzed by atomic absorption The desorption percentage of 0.1N HNO3, 0.1N NaOH and deionized water of Pb 2+ and Cd 2+ were (93%, 81%, 56%), and (72%, 66%, 59%), respectively ( Figure 14) . This result ended to that 0.1 N HNO3 is favorable in the desorption of Pb 2+ and Cd 2+ from the metal-laden adsorbent.
Venkata, Rao, & Karthikeyan [27] reported that desorption phenomenon observed in both NaOH and HNO3 might be attributed to ion exchange type interaction rather than chemical sorption.
Application on real sample
Wastewater sample of the disposal of Kima fertilizer factory at Aswan city was collected and some parameters such as electrical conductivity, pH, TDS, temperature and the concentration of lead and cadmium were measured before the adsorption process. The wastewater sample was filtered. 50 mL of the filtrate was adjusted to pH 5 and shaken with 0.1 g of the camel bone biochar for 60 min at 25 °C, after then it filtered using filter paper. Cd and Pb concentration in the filtrate was measured by atomic absorption spectrophotometer. The results reveal that the removal of lead and cadmium were reached 99.9%. 
Conclusion
In this study, the primary results indicated that natural camel bone biochar appeared a massive ability of adsorption of pollutants especially heavy metal from the water streams.
The results of batch experimental studies reflected that the adsorption operation depends on pH, contact time, adsorbent dose, initial metal concentration, and solution temperature.
The adsorption equilibrium was gained at 60 min since 99% of metal ions were removed. The adsorption kinetics of lead and cadmium ions followed the pseudo-secondorder kinetic model. The linear, Langmuir and Freundlich isotherm models were used to represent the experimental data, and the Langmuir model fitted well the metal adsorption with a Qo value of 57.8 mg g -1 for lead and 7.02 mg g -1 for cadmium. The negative value of ΔG o and ΔS o showed that the adsorption of the lead and cadmium ions by camel bone biochar was spontaneous. The positive value of ΔH o confirmed the endothermic nature of adsorption. The simple, clean, and green procedure of this adsorbent would offer a vital technique for industrial wastewater cleanup. So this study reveals the high impact of the animal bones in the removal of the heavy metals from disposal water resources.
